Do Global Trade Distortions Still Harm Developing Country Farmers?
While developing country farmers contribute less than 3 percent of global GDP, they account for 43 percent of global employment, 64 percent of global agricultural value added, and a similarly large share of global poverty as measured by earnings of less than $1 a day. Raising net farm incomes is therefore a key to meeting the Millennium Development Goal of halving global poverty by 2015. If that can be done by policy reforms that also boost the efficiency of resource use and raise developing country and world GDP, so much the better. This paper asks if reducing trade policy distortions (including agricultural subsidies in high-income countries) could provide such a magic bullet.
Two decades ago, the answer to that question was unequivocally affirmative. A number of studies provided a clear picture of the adverse effects of government policies on farmers' incentives in developing countries in the 1980s. Farm subsidies and import restrictions of developed countries depressed the international prices of farm relative to non-farm products Anderson 1986, 1992) , while developing countries' own trade and exchange rate policies further depressed their farmers' incentives (Krueger, Schiff and Valdes 1988) -as they had since at least the 1960s (Little, Scitovsky and Scott 1970; Balassa and Associates 1971) . Time series data for developed and newly industrializing countries up to that time also indicated a clear tendency for national governments to gradually change from taxing to subsidizing agricultural relative to industrial production (and from subsidizing to taxing food consumers) in the course of their economic development (Anderson and Hayami 1986, Lindert 1991) . Had that representative of all developing countries? Are there, for example, some moreadvanced developing countries that have 'overshot' and adopted the potentially equally wasteful pro-agricultural policy bias of high-income economies? And how are those high-income countries' somewhat-reformed policies and preferential access agreements now affecting developing country farmers?
To answer all but the last of those questions requires extending the time series of estimates of distortions in the Krueger/Schiff/Valdes sample and expanding theirs and the Jensen/Robinson/Tarp sample to a wider range of countries. That is the focus of a new research project getting under way at the World Bank.
As a prelude to that new project, though, it is possible to answer the question in The Krueger, Schiff and Valdes (1988) and Jensen, Robinson and Tarp (2002) studies focused on effects of just own-country policies, the first using partial equilibrium and the second using national Specifically, we make use of a new variant of a model of the global economy known as GTAP-AGR (Keeney and Hertel 2005) to provide real farm income effects of moving to free trade by developing countries versus by high-income countries, and in agriculture as compared with non-agricultural sectors. We also make use of the latest GTAP database (Version 6), which has the virtue of including not only reciprocal but also non-reciprocal preferential tariffs, the latter providing exporters in many lowincome countries with duty-free access to protected high-income country markets. This allows us to take into account the fact that such a reform may cause a decline in the international terms of trade for those developing countries that are enjoying preferential access to agricultural markets of high-income countries (in addition to those that are net food importers because their comparative advantage is in other sectors such as laborintensive manufacturing).
The paper begins with an examination of current distortions, the emphasis being mainly on import tariffs since they are later shown to be far more important than agricultural subsidies. This is followed by a description of GTAP-AGR model of the global economy to be used to analyze the consequences of removing those distortions.
The key results of the simulations are then presented, distinguishing between the impacts of policies of high-income and developing countries, of agricultural and nonagricultural (including services) policies and, within agriculture, of the different policy instruments and the different commodity programs. The paper concludes by highlighting the key messages and suggestion priority areas for further research.
general equilibrium models. On the relationship between those two methodologies, and for reasons as to why the latter is superior in principle, see Bautista, Robinson, Wobst and Tarp (2001) .
Key distortions in global markets
Border measures traditionally have been the main means by which governments distort prices in their domestic markets for products, with the price of tradables relative to nontradables affected by interventions in the market for foreign exchange, and the relative prices of the various tradables affected by trade taxes-cum-subsidies or quantitative trade restrictions. Product-specific domestic producer or consumer subsidies have played a more limited role (because of their much greater cost to the treasury), with a few exceptions most notably in agriculture in high-income countries (Legg 2003; OECD 2005a) . With the freeing up of most foreign exchange markets over the past two decades (Hinkle and Montiel 1999), the phasing out of most export taxes (Piermartini 2004; Theile 2004) , and the conversion of many non-tariff trade barriers into tariffs including for farm products (Ingco 1996) , the task of measuring the extent of distortions to goods markets is made much easier in that attention can focus on import tariffs and OECD agricultural subsidies. Services regulations also could distort incentives in the agricultural and industrial sectors, so it is worth exploring their effects on farm income too --although much controversy still surrounds their measurement and how they should be modeled. Francois, Meijl, and Tongeren (2005) , who draw on the pattern of residuals from a gravity model of national imports estimated from the GTAP database. Their estimates are shown in Table 2 .
The GTAP-AGR Model
We employ a new variant of the widely used GTAP model (Hertel 1997) This approach is similar to that taken by Dihel (2004) except that only own-country policies are considered in that study.
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We also insert a production subsidy for US cotton, following the WTO dispute settlement case which ruled that those subsidies belong in the Uruguay Round Agreement on Agriculture's amber box, rather than in the green box as notified by the US. We conservatively estimate that subsidy to be 28 percent for 2001.
competition and constant returns to scale in production activities, a Constant Difference of Elasticities (CDE) demand system which permits differential price and income responsiveness across countries, and bilateral international trade flows handled through Armington elasticities by which products are differentiated by country of origin. 6 These
Armington elasticities are region-specific, and are econometric estimates at the 57 GTAP commodity level based on the elasticity of substitution in consumption among imported goods from different sources (Hertel et al. 2003) . owned and purchased inputs, and between the two, by calibrating each sector's constant elasticity of substitution cost function to the region-specific Allen elasticities of substitution provided by OECD estimates. Fourth, the livestock production function is modified to capture more realistic substitution possibilities in feed demand, by modeling the substitution possibilities for feedstuffs as an additional CES nest in the sector's cost function. This livestock production function is parameterized based on a three-stage model describing the behavior of European livestock producers, composite feed mixers, and grain producers (Surry 1990 ). Finally, the GTAP-AGR consumer demand system is re-specified assuming separability of food from non-food commodities, and calibrated in line with a recent set of price and income elasticities from a cross-country study (Seale, Regmi and Bernstein 2003) .
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In the simulations that follow, we use the standard GTAP closure. This assumes that the levels of each region's employment of each of the productive factors is fixed in aggregate, and that the regional balance of trade is determined by the relationship of regional investment and savings, where international capital mobility is determined by equalizing rates of return across regions.
While one of the benefits of using a global general equilibrium framework is the modeling of all economic agents' behaviors, and in this case also the depiction of some specifics of agricultural markets in the GTAP-AGR model, the results necessarily depend on the parameters chosen. A natural validation of the model is to see how well the model is able to replicate historical records.
Support for the use of the GTAP-AGR model is provided by Valenzuela (2006) who shows that the model replicates reasonably well historical wheat price variability in world markets.
To keep the sizes of the table of results reasonable, we aggregate the GTAP 6 database to 27 regions and 29 sectors, bearing in mind the need to provide some detail in the agri-food sectors. These regions and sectors are listed in Appendix Tables A1 and   A2 , respectively.
Effects of removing distortive goods and services policies globally
The estimated effects of full global trade liberalization as of 2001 on each of the four sectors' value added are summarized for the key developing country regions in Table 3 and are shown with more country detail for just agricultural value added in Table 4 . Beginning with the top right-hand numbers of Table 3 , these results suggest real farm incomes in developing countries are still harmed by the existing pattern of global trade distortions, and more so than any of the other goods sectors (nonagricultural primary production, food processing, and other manufacturing) and therefore than non-agriculture in total. In the absence of those policies, agricultural value added would have been 5.7 percent higher on average, and higher in each of the six developing country regions shown in that table relative to non-agriculture in total (compare with the numbers in parentheses in the final column of Table 3 ). There is considerable regional variation though: the averages are 12 percent higher in Latin America, 10 percent higher in East Asia (excluding Korea and Taiwan which, with
Hong Kong and Singapore, we classify as high-income), 3 percent higher in SubSaharan Africa, and less than 2 percent higher in the three other developing country regions.
Turning to the top left-hand numbers of Table 3 , it is clear that most of that gain to developing country farmers would come from the removal of agricultural tariffs and subsidies in high-income countries. 8 Net farm incomes in all developing country regions, even those that are net food importers and those receiving preferential access to protected markets in high-income countries, would be boosted by such reform. By contrast, according to the GTAP Version 6 database and GTAP-AGR model used here, agricultural value added in all developing country regions would be reduced by the reform of agricultural and food policies in developing countries themselves. This is not surprising, given the high protection to agriculture in both high-income and developing countries reported in Table 1 (a). Columns 3 and 4 of Table 3 show that loss would be partly offset by reform in non-agricultural sectors though, with services reform making almost as much of a contribution as reform of other goods sectors (and considerably more in Sub-Saharan Africa and South Asia). 9 This partial offset is consistent with the fact developing countries have tariffs on non-food manufactures that are sizeable but 8 Decomposition of those results reveals that more than two-thirds of the gains to developing country farm incomes from high-income country agricultural policy reform would come from removal of tariffs, and that domestic rather than export subsidies contribute most of the rest. See the discussion of Table 10 below. The smallness of our estimated contribution of service sector distortions to value added in agricultural and other goods sectors is consistent with the findings of two other recent studies drawing on similar service distortion estimates (Dee 2004; Dihel 2004) . Recall, though, that the distortions to the services sector we use (see Table 2 ) may well seriously underestimate the full extent of actual services distortions.
less than those for agriculture, and whose removal has the effect of lowering a little the price of mobile factors employed in farming.
Value added in the processed food sector is similarly affected, although to a lesser extent on average than in the farm sector. Value added in non-agricultural primary production is affected very much less for developing countries as a whole, but note from the final column of Table 3 that it benefits proportionately more than farming in Africa, the Middle East and the former Soviet Union where that sector is of relatively greater importance. By contrast, non-food manufacturing value added would decline in all developing country regions except Asia following a move to global free trade. This is despite its lower protection than agriculture in developing countries, and a further reflection of the importance of high-income country farm support programs in depressing developing country farm incomes.
The differential impacts on net farm incomes within regions from freeing trade are shown in Table 4 . In East Asia it is primarily Chinese farming that would benefit while in South Asia, farming is benefited in Pakistan and Sri Lanka rather than in India and Bangladesh. That reflects the latter countries' relatively weaker comparative advantage in agriculture. 10 Only in a handful of the developing countries listed (Russia, Bangladesh, India and the Philippines) would farmers be worse off under full reform. In each case this is because of the large negative impact of developing (including their own-) country agricultural and food policy reform. How important is own-country liberalization as distinct from other countries'
liberalization? This is shown in Table 5 for a selection of developing countries. Farmers in Argentina and especially Brazil would gain hugely from high-income agricultural reform and a little from their own and other developing countries' reforms; farmers in
China also would gain a lot from high-income country reform but, as for the other developing country regions shown, they would lose a little from own reform; and farmers in South Asia and Sub-Saharan Africa also would lose a little from other developing countries' reform. In Indonesia and Sub-Saharan Africa, farmers would gain overall from global liberalization; but in Bangladesh and India the farmers' gain from high-income countries' reform is not enough to offset the loss from own and other developing countries' reform -instead it is manufacturing that would gain in those two countries, mainly from own-country reform. In Sub-Saharan Africa, the biggest proportional gain in sectoral value added is in non-agricultural primary activities (three times that for agriculture), mainly from own-country reform, reflecting the strong comparative advantage of non-food primary production in that region.
When the effects of the liberalizations in Table 5 are separated into agricultural and non-agricultural reform, as in Table 6 , it is evident that agricultural reform by other developing countries reduces the adverse effect on net farm income of own-country agricultural reform (and conversely for non-agricultural liberalization). This illustrates yet again the interdependencies of policies of different countries in our globalized world, and underscores the importance of addressing these distortions in a multilateral forum as provided for by the WTO.
The tariffs reported in Table 1 percent. These simulations underscore the point that the results depend heavily on owncountry agricultural protection rates, which in the current GTAP database are assumed to be fully reflected in the applied import tariff rates and a few producer subsidies in the case of developing countries (whereas for high-income countries they are based on the much more thorough estimates of producer support estimates provided by OECD 2005a).
Also, the GTAP database includes only a few export taxes (see Table 1 (b) ), yet there is evidence that others exist even if they are small in most cases (Piermartini 2004 ). In Argentina's case some sizeable ones were re-introduced in 2002 (OECD 2005b, Annex A). To see how much difference they could make to the effects of reform, we re-calibrated the model assuming not only that Argentina's agricultural tariff protection in 2001 was zero but also that the country had export taxes of 20 percent for cereals, oilseeds and livestock products, 10 percent for other (including nonagricultural) primary products, and 5 percent for other processed food products and other manufacturing.
11 From that new base we then re-estimated the effects of full unilateral reform. As shown in Table 6 , that database amendment makes a huge difference to the impact of unilateral reform on agricultural value added in Argentina. It also raises the estimated impact of reform on non-agricultural value added, mostly because of the boost it gives to food processing. Instead of having just a minor effect, the presence of these new export taxes mean that own-reform by Argentina would boost net incomes of its farmers by a dramatic one-third; and global reform would boost them by more than one-half, instead of an estimated one-fifth as of 2001 before those export taxes were imposed.
Pending a more-thorough estimation of production and trade taxes and subsidies in developing country, how does the current estimated pattern of distortions (ignoring the amendments discussed above regarding the bottom part of 40 percent, with the increases being largest for grains, oilseeds, beef, cotton and sugar.
These changes for agriculture are much larger than those for other sectors (bottom of Table 8 . Rice and sugar are especially noteworthy: their global shares of production exported treble and nearly double, respectively -a direct result of the very high protection in those two product markets. For all agricultural and processed food products as a group, the share would rise by one-fifth for the world as a whole, and by almost one-third for developing countries.
The converse of that rise in export propensity is an increase in imports as a share of food consumption as farmers throughout the world specialize more in what they do best. For developing countries as a group that share also rises by nearly onethird as consumers adjust their consumption bundle to their income increase and to changes in relative prices (final column of Table 8 ), suggesting food self-sufficiency would not change much. The latter is confirmed in Table 9 : it shows an increase from 101 percent to just 102 percent for all agriculture and food for developing countries.
Not surprisingly given the earlier results and underlying protection rates, the biggest rises are in rice and sugar, where self-sufficiency rates rise 5 or 6 percentage points for developing countries.
To what extent are the effects of agricultural policies on net farm incomes due to the three key 'pillars' of agricultural support programs that are explicitly negotiated at the WTO, namely domestic producer subsidies, export subsidies, and import tariffs?
As anticipated from Table 1 , the first two are economically significant only in highincome countries; and Table 10 confirms that the removal of export subsidies would make almost no contribution to farm incomes on average (the loss in high-income countries being fully offset by the gain to farmers in developing countries). Domestic subsidies and import tariffs are equally important to developing country net farm incomes, each contributing 45 percent of the overall impact of global trade policies on those incomes (see final three columns of Table 10 ).
In terms of impact on global agricultural trade, the middle row of Table 10 shows that a much bigger 86 percent of the growth that would occur under full reform would come from import expansion -again underlining the relative importance of the market access 'pillar'.
Finally from For details of the GTAP-AGR model's estimated economic welfare effects of full global trade reform, see Hertel and Keeney (2006) . The contribution of export subsidies is small partly because most distortions (notably import tariffs but also export taxes) cause the world to trade less than is tax on consumers, in addition to boosting value added for producers. So, unlike direct domestic farm subsidies which only affect consumers via small second-round effects insofar as they alter international food prices, trade measures doubly harm national welfare.
How do different agricultural commodity programs contribute to the global welfare cost of agricultural and food market distortions? According to our GTAP-AGR model results, rice programs are the most important, followed by beef and oilseeds and then sugar and dairy products (Table 11) . High-income policies are responsible for 82 percent of that cost of agricultural and food policies (compared with only 49 percent in the case of policies affecting other manufacturing -see part (b) of Table 11 ). The extraordinarily high contribution of rice reflects the enormous tariffs and subsidies in that sector in Japan and Korea but also, if to a lesser extent, in other East Asian economies and in the European Union. In addition there is considerable domestic support for US rice producers. Tariffs are high in beef also, together with some export subsidies. Tariffs are somewhat lower in oilseed products, where in high-income countries most support comes from producer subsidies; however in developing countries the oilseed processing sector is protected from import competition, and since those products are a crucial input into livestock industries they add to the adverse welfare contributions of those industries' policies as well. Together these results optimal globally, so export subsidies offset that tendency. It turns out they are not a full offset though, because they also have inefficient resource allocative effects in the imposing countries. For more on this point see Anderson, Martin and Valenzuela (2006) . suggest much of the welfare cost of protection globally could be removed if just a few agricultural markets were liberalized.
Conclusions and areas for further research
The following are the key messages that emerge from our analysis:
• The answer to the question in the title of the paper is yes, in the sense that full global liberalization of goods and services trade would raise net farm income in all six developing country regions, and more than it would raise non-agricultural value added;
• Global liberalization would not raise net farm incomes in each and every developing country, however, with our results suggesting that Bangladesh, India, the Philippines and Russia would be among the exceptions -but only because of their own high agricultural protection rates in the GTAP database;
• With that Version 6 GTAP database, our results are not inconsistent with those of Jensen, Robinson and Tarp (2002) in that for several large developing countries (Bangladesh, China, India, Indonesia), own-country policies help rather than harm agricultural relative to non-agricultural value added, with the harm from own non-agricultural policies being more than offset by help from own agricultural and food policies; and
• Other countries' policies have the opposite effect, of depressing agricultural value added in developing countries, with high-income country policies contributing most to that finding notwithstanding the tariff preferences provided to numerous low-income countries.
These results suggest that a multilateral move to global free trade would be good for developing country farmers. Whether that would be true too for a unilateral reform by any particular developing country depends heavily on the extent to which that country's own policies effectively assist or harm that economy's farm sector relative to its other sectors. Our measures of those effects depend very much on the levels of distortion in the GTAP database we use, as is clear from the sensitivity analysis of results reported above in Source: Francois et al. (2005) and Hertel and Keeney (2006) Source: Authors' GTAP-AGR model simulations a Numbers in parentheses show percentage changes in non-agricultural value added as a consequence of full global trade reform. b In Argentina's case, we first altered the GTAP database not only to set all its agricultural and food import tariffs to zero but also to simulate the imposition from 2002 of export taxes, set at 20 percent for cereals, oilseeds and livestock products, 10 percent for other (including non agricultural) primary products, and 5 percent for other processed food products and all other manufacturing; then from that new base we estimated the effects of full unilateral reform.
Source: Authors' GTAP-AGR model simulations Source: Authors' GTAP-AGR model simulations Source: Authors' GTAP-AGR model simulations Source: Authors' GTAP-AGR model simulations Source: Authors' GTAP-AGR model simulations
